The study explores the citedness of research data, its distribution over time and how it is related to the availability of a DOI (Digital Object Identifier) in Thomson Reuters' DCI (Data Citation Index). We investigate if cited research data "impact" the (social) web, reflected by altmetrics scores, and if there is any relationship between the number of citations and the sum of altmetrics scores from various social media-platforms. Three tools are used to collect and compare altmetrics scores, i.e. PlumX, ImpactStory, and Altmetric.com. In terms of coverage, PlumX is the most helpful altmetrics tool. While research data remain mostly uncited (about 85%), there has been a growing trend in citing data sets published since 2007. Surprisingly, the percentage of the number of cited research data with a DOI in DCI has decreased in the last years. Only nine repositories account for research data with DOIs and two or more citations. The number of cited research data with altmetrics scores is even lower (4 to 9%) but shows a higher coverage of research data from the last decade. However, no correlation between the number of citations and the total number of altmetrics scores is observable. Certain data types (i.e. survey, aggregate data, and sequence data) are more often cited and receive higher altmetrics scores.
Introduction
Recently, data citations have gained momentum (Piwowar & Chapman, 2010; Borgman, 2012; Torres-Salinas, Martín-Martín, & Fuente-Gutiérrez, 2013) . This is reflected, among others, in the development of data-level metrics (DLM), an initiative driven by PLOS, UC3 and DataONE 1 , to track and measure activity on research data, and the recent announcement of CERN to provide DOIs for each dataset they share through their novel Open Data portal 2 . Data citations are citations included in the reference list of a publication that formally cite either the data that led to a research result or a data paper 3 . Thereby, data citations indicate the influence and reuse of data in scientific publications.
First studies on data citations showed that certain well-curated data sets receive far more citations or mentions in other articles than many traditional articles (Belter, 2014) . Citations, however, are used as a proxy for the assessment of impact primarily in the "publish or perish" community; to consider other disciplines and stakeholders of research, such as industry, government and academia, and in a much broader sense, the society as a whole, altmetrics (i.e. social media-based indicators) are emerging as a useful instrument to assess the "societal" impact of research data or at least to provide a more complete picture of research uptake, besides more traditional usage and citation metrics (Bornman, 2014; Konkiel, 2013) . Previous work on altmetrics for research data has mainly focused on motivations for data sharing, creating reliable data metrics and effective reward systems (Costas et al., 2012) .
This study contributes to the research on data citations in describing their characteristics as well as their impact in terms of citations and altmetrics scores. Specifically, we tackle the following research questions:  How often are research data cited? Which and how many of these have a DOI? From which repositories do research data originate?  What are the characteristics of the most cited research data? Which data types and disciplines are the most cited? How does citedness evolve over time?  To what extent are cited research data visible on various altmetrics channels? Are there any differences between the tools used for altmetrics scores aggregation?
Data sources
On the Web, a large number of data repositories are available to store and disseminate research data. The Thomson Reuters Data Citation Index (DCI), launched in 2012, provides an index of high-quality research data from various data repositories across disciplines and around the world. It enables search, exploration and bibliometric analysis of research data through a single point of access, i.e. the Web of Science (Torres-Salinas, Martín-Martín & Fuente-Gutiérrez, 2013) . The selection criteria are mainly based on the reputation and characteristics of the repositories 4 . Three document types are available in the DCI: data set, data study, and repository. The document type "repository" can distort bibliometric analyses, because repositories are mainly considered as a source, but not as a document type.
First coverage and citation analyses of the DCI have been performed April-June 2013 by the EC3 bibliometrics group of Granada (Torres-Salinas, Jimenez-Contreras & Robinson-Garcia, 2014; Torres-Salinas, Robinson-Garcia & Cabezas-Clavijo, 2013) . They found that data is highly skewed: Science areas accounted for almost 80% of records in the database and four repositories contained 75% of all the records in the database; 88% of all records remained uncited. In Science, Engineering and Technology citations are concentrated among datasets, whereas in the Social Sciences and Arts & Humanities, citations often refer to data studies.
Since these first analyses, DCI has been constantly growing, now indexing nearly two million records from high-quality repositories around the world. One of the most important enhancements of the DCI has undoubtedly been the inclusion of "figshare 5 " as new data source which led to an increase of almost a half million of data sets and 40.000 data studies (i.e. about one fourth of the total coverage in the database).
Gathering altmetrics data is quite laborious since they are spread over a variety of social media platforms which each offer different applications programming interfaces (APIs). Tools, which collect and aggregate these altmetrics data come in handy and are now fighting for market shares since also large publishers increasingly display altmetrics for articles (e.g., 
Methodology
We used DCI to retrieve the records of cited research data. All items published in the last 5.5 decades (1960-9, 1970-9, 1980-9, 1990-9, 2000-9, and 2010-4) with two or more citations (Sample 1, n=10,934 records) were downloaded and analysed. The criterion of having at least two citations is based on an operational reason (reduction of the number of items) as well as on a conceptual reason (to avoid self-citations). The following metadata fields were used in the analysis: available DOI or URL, document type, source, research area, publication year, data type, number of citations and ORCID availability 12 . The citedness in the database was computed for each decade considered in this study and investigated in detail for each year since 2000. We then analysed the distribution of document types, data types, sources and research areas with respect to the availability or non-availability of DOIs reported by DCI.
All research data with two or more citations and with an available DOI (n=2,907 items) were analysed with PlumX, ImpactStory, and Altmetric.com and their coverage on social media platforms and the altmetric scores was compared. All other items with 2 or more citations and an available URL (n=8,027) were also analysed in PlumX, the only tool enabling analyses based on URLs, and the results were compared with the ones obtained for items with a DOI.
We also analysed the distribution of document types, data types, sources and research areas for all research data with 2 or more citations and at least one altmetric score (sample 2; n=301 items) with respect to the availability or non-availability of the permanent identifier DOI reported by DCI (items with DOI and URL or items with URL only). Results and discussion Part 1. General Results Table 1 gives an overview of the general results obtained in this study. The analysis revealed a high uncitedness of research data, which corresponds to the findings of Torres-Salinas, Martin-Martin and Fuente-Gutiérrez (2013) . A more detailed analysis for each year (see Table  2 ) shows, however, that the citedness is comparatively higher for research data published in recent years (published after 2007) although the citation window is shorter. The results also show a very low percentage of altmetrics scores available for research data with two or more citations (see Table 1 ). But, two different trends can be observed: the percentage of data with DOI referred to on social media-platforms is steadily increasing while the percentage of data with URL only is steadily decreasing in the same time frame.
The percentage of research data with altmetrics scores in PlumX, the tool with the highest average in this study, is lower than expected (ranging between 4 and 9%) but actually has doubled for data published in the last decades, which confirms the interest in younger research data and an increase in social media activity of the scientific community in recent years. Part 2: Results for Sample 1 Table 3 shows the citation distribution of Sample 1 (10,934 items with at least two citations in DCI) for items with DOI or URL only separated according to the three main DCI document types (data set, data study, and repository
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). The results reveal that almost half of the data studies have a DOI (48.9%) but only few data sets do so. Data studies are on average more 13 often cited than data sets (17.5 vs. 3.2 citations per item), and data studies with a DOI attract more citations (mean values) than those with a URL (20 vs. 14 citations per item).
There were only few repositories (51) in the data set; it is the document type, which attracts the most citations per item. This finding is in line with the results of Belter (2014) who also found aggregated data sets -Belter calls them "global-level data sets" -to be more cited. However, such citing behaviour has a negative side effect on repository content (i.e., the single data sets) since it is not properly attributed in favour of citing the repository as a whole.
The high values of the standard deviation and variance illustrate the skewness of the citation distribution (see Figure 1 ). Almost half of the research data (4,974 items; 45.5%) have only two citations. Six items, two repositories and four data studies, from different decades (PY=1981, 1984 (PY=1981, , 1995 (PY=1981, , 2002 (PY=1981, , 2011 (PY=1981, , and 1998 , sorted by descending number of citations) had more than 1,000 citations and account for almost 30% of the total number of citations. Table 4 shows the top 10 repositories by the number of items. Considering the number of citations, there are three other repositories which account for more than 1,000 citations each: Manitoba Centre for Health Policy Population Health Research Data Repository (29 items; 1,631 citations), CHILDES -Child Language Data Exchange System (1 item; 3,082 citations), and World Values Survey (1 item; 3,193 citations). Interestingly, although "figshare" accounts for almost 25% of the DCI, no item from "figshare" was cited at least twice in DCI. We also noted that the categorization of "figshare" items is missing. All items are assigned to the Web of Science category (WC) "Multidisciplinary Sciences" or the Research Area (SU) "Science & Technology/Other Topics" preventing detailed topic-based citation analyses. Furthermore, only nine items from Sample 1 were related to an ORCID, three data sets with a DOI, and three data sets and data studies with a URL. Considering their origin, considerable differences were reported in Sample 1 for items with or without a DOI (see Table 4 ). All twice or more frequently cited research data with a DOI are archived in nine repositories, while 92 repositories account for research data without a DOI. Table 5 shows that there are big differences between the most cited data types when considering research data with a DOI or with a URL. Survey data, aggregate data, and clinical data are the most cited ones of the first group (with a DOI), while sequence data and numerical and individual level data are the most cited data types of the second group (with a URL). Apart from survey data, there is no overlap in the top 10 data types indexed in DCI.
Similar results were obtained when considering data sets and data studies separately.
Disciplinary differences become apparent in the citations of DOIs and URLs as well as in the use of certain document types. As shown in Table 6 it is more common to refer to data studies via DOIs in the Social Sciences than in the Natural and Life Sciences, where the use of URLs for both data studies and data sets is more popular. Torres-Salinas, Jimenez-Contreras and
Robinson-Garcia (2014) also report that citations in Science, Engineering and Technology citations are concentrated on data sets, whereas the majority of citations in the Social Sciences and Arts & Humanities refer to data studies. Table 6 suggests that these differences could be related to the availability of a DOI. Part 3: Results for Sample 2 Sample 2 comprises all items from DCI satisfying the following criteria: two or more citations in DCI, a DOI or a URL and at least one altmetrics score in PlumX (n=301 items). Table 7 shows the general results for this sample. The total number of altmetrics scores is lower than the number of citations for all document types with or without a DOI. Furthermore, the mean altmetrics score is higher for data studies than for data sets. Tables 8 and 9 show the distributions of data types and subject areas in this sample. Most data with DOI are survey data, aggregate data, event over transaction data, whereas sequence data and images are most often referred to via URL only (see Table 8 ). Microdata with DOI and spectra with URL only are the data types with the highest altmetrics scores per item. Concerning subject areas the results of Table 9 are very similar to the results of Table 6 . Given the small sample size it is, however, notable that in some subject areas, e.g. Archaeology, research data receive more interest in social media (i.e. altmetrics scores), than via citations in traditional publications. This is confirmed by the missing correlation between citations and altmetrics scores for this sample (see Figure 2) . Both cases clearly demonstrate that altmetrics can complement traditional impact evaluation. Nevertheless, coverage of research data in social media is still low, e.g. from the nine repositories whose data studies and data sets were cited twice in DCI and had a DOI (see Table 4 ), only five items had altmetrics scores in PlumX, and only one DOI item of Sample 2 included an ORCID. The top 10 research data-DOIs attracting two or more citations and with at least one entry in PlumX are shown in Table 11 . We can observe that cited research data attracts more citations than altmetrics scores, and that there is no correlation between highly cited and highly scored research data.
The comparison of altmetrics aggregation tools also revealed that ImpactStory only found Mendeley reader statistics for the research data: 78 DOIs had 257 readers. Additionally, ImpactStory found one other DOI in Wikipedia. ImpactStory found five items, which have not been found by PlumX, although they all solely relied on Mendeley Data. The Mendeley data scores were exactly the same in PlumX and in ImpactStory. On the other hand, PlumX found 18 items that were not available via ImpactStory. These research data were distributed on social media platforms (mostly shares in Facebook) and one entry has been used via click on a Bitly-URL (Usage:Clicks:Bitly).The tool Altmetric.com found only one from 194 items.
As already reported in Jobmann et al. (2014) , PlumX is the tool with the highest coverage of research products found on social media-platforms. Whereas Mendeley is well covered in ImpactStory, no other altmetrics score were found for the data set used in this study.
General Conclusions
Most of the research data still remain uncited (approx. 86%) and total altmetrics scores found via aggregation tools are even lower than the number of citations. However, research data published from 2007 onwards have gradually attracted more citations reflecting a bias towards more recent research data. No correlation between citation and altmetrics scores could be observed in a preliminary analysis: neither the most cited research data nor the most cited sources (repositories) received the highest scores in PlumX.
In the DCI, the availability of cited research data with a DOI is rather low. A reason for this may be the increase of available research data in recent years. Furthermore, the percentage of cited research data with a DOI has not increased as expected, which indicates that citations do not depend on this standard identifier in order to be processed by the DCI.
